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^3 (57) Abstract: High quality epitaxial layers of metallic oxide materials can be grown overlying large silicon wafers by first growing 
an acconunodating buffer layer on a silicon wafer. The acconmiodating buffer layer is a layer of monocrystalline oxide spaced apart 
from the silicon wafer by an amorphous interface layer of silicon oxide. The amorphous interface layer dissipates strain and permits 

^ the growth of a high quality monocrystalline oxide accommodating buffer layer. Any lattice mismatch between the acconunodating 
buffer layer and the underlying silicon substrate is taken caie of by the amorphous interface layer. 
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Fittld Of the Izxwtion 



This invention relates generally to microelectronic 
structures and devices and to a method for their 
fabrication, and nore specifically to £Jiin-f ilA, metallic 
oxide structxires and devices and to the fabrication and 
10 use of thin-film« metallic oxide structures and devices. 



Various metallic oxides exhibit desirable 
characteristics such as piezoelectric, ferroelectric, 

15 ferromagnetic, colossal magnetic resistance, and super 
conductivity properties. Such oxides may be Included or 
used in coimection with microelectronic devices that take 
advantage of these characteristics. For example, metallic 
oxides lAay be used to form f exTroelectric memory devices 

20 and the like. 

Generally, the desirable characteristics of the 
metallic oxide films increase as the crystsillinity of the 
oxide film increases. For example, superconductive 
materials exhibit the highest conductivity vrtien the 

25 material is in a monocrystalline form. Moreover, 

integration of such oxides with semiconductor coinponentB 
to form devices such as mranory devices is also desirable. 
Accordingly, methods and ^paratus' for growing thin-film. 
monocrystalline metallic oxides on semiconductor 

30 substrates are desired. 

Because of the desirable characteristics of various 
metallic oxide materials, and bccaxise of their present 
generally high coat and lov availability in bulk fozm, for 
many years attenqpts have been made to. grow thin films of 
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the desired metallic oxide materials on a foreign 
substrate. To achieve optimal characteristics o£ metallic 
oxide material, however, a monocrystalliiie film of 
crystalline quality is desired. At tenets have been made, 
5 for exantple. to grow layers of a nenocxystalline metallic 
oxide material on substrates s-uch aa silicon. These 
attezspta have generally been unsuccessful because lattice 
mismatches between the host crystal and th« gfrown crystal 
have caused the resulting thin film of metallic oxide 

10 material to be of lour crystalline quality. Metallic oxides 
of higher quality have been grown over oxide substrates 
such as bulk strontium titanate. Metallic oxides grown 
over oxide substrates are often expensive because, in 
part, the oxide substrate is snail and expensive. 

15 rf a large area thin film of high quality 

monocrystalline metallic oxide material was available at 
low cost, a variety of semiconductor devices coiold 
advantaoeouflly be fabricated using that film at a low coat 
coippared to the cost of fabricating such devices on a bulk 

20 wafer of the metallic oxide material or in an epitaxial 
film of such material on a hulk wafer of oxide material. 
In addition, if a thin film of high quality 
monocrystalline metallic oxide material could be realizad 
on a bulk wafer such as a silicon wafer, an integrated 

25 device structure could be achieved that to^ advantage of 
the best propexties of both the silicon and the metallic 
oxide material. 

Accordingly, a need exists for a microelectronic 
structure tliat. provides a hij^ quality monocrystalline 

30 metallic oxide film over another monocrystalline material 
and for a process for wiki ng such a structure. 
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Brief Description oC the Drawing 

The present invention is illustrated by way of 
exaiqple and not limitation in the accoiqpanying figures, in 
5 «Aiicfa like references indicate sioxilar elements, and in 
which: 

FIGS. 1-3 illtistrate schematically, in cross 
section, device structures in accordance with various 
exnbodiinents of the invention; and 
10 FZO. 4 illustrates graphically the relationship 

betwem niaxiiBum attainable film thickness and lattice 
mismatch between a host crystal and a grown crystalline 
overlayer. 

Skilled artisans will appreciate that elements in the 

15 figures are illustrated for simplicity and clarity and 
have not neces82Lrily been drawn to scale. For exan^le, 
the dimensions of some of the elentents in the figures may 
be exaggerated relative to other elements to help to 
improve understanding of embodiments of the present 

20 invention. 

Detailed Description of the Drawings 

FIG. 1 illustrates schematically, in cross section, a 
25 portion of a microelectronic structure 20 in accordance 
with an espbodiment of the inventitm. Microelectronic 
structure 20 includes a monocrystalline substrate 22, 
accommodating buffer layer 24 c umpx ising a monocrystalline 
material, and a layer 26 of a monocrystalline metallic 
30 oxide material. In this context, the term 

■monocrystalline" shall have the meaning commonly used 
within the semiconductor ixidustry. The term shall refer 
to materials that are a single crystal or that are 
substantially a sizigle crystal and shall include those. 
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materials having a relatively snail number of defects such 
as dislocatiozis and the like as are caMoonly found in 
substrates of silicon or germanium or mixtures of silicon 
and germanium and epitaxial layers of such materials 
5 comnonly found In the semlcmductor industry. 

In accordance with one em b odim ent of the invention, 
structure 20 also includes an amorphous intermediattt layer 
28 positioned betwera substrate 22 and aceoonodating 
buffer layer 24. Structure 20 may also Include a tesvlate 

10 layer 30 between the accosBnodating buffer layer and 

monocrystalline oxide l^er 26. As will be explained oere 
fully below, the teo^late layer helps to initiate the 
growth of the metallic oxide layer on the aceaaniodating 
buffer layer. The amorphous Intezmadiate layer helps to 

15 relieve the strain in the accommodatixig buffer layer and, 
by doing so, aids in tha growth of a hic^ crystalline 
<2uality accommodating buffer layer. 

Substrate 22, in accordance with an embodiment of the 
invention, is a monocrystalline semiconductor wafer. 

20 preferably of large diameter. The wafer can be of a 
material from Group IV of tha periodic table, and 
preferably a material from Group rVA. Exanples of Group 
IV semiconductor materials include silicon, germanium, 
mixed silicon and germanium, mixed silicon and carbon, 

25 mixed silicon, germanium and carbon, and the like. 

Substrate 22 can also be of a compound semiconductor 
material. The canQ»ound semiconductor material of 
substrate 22 can be selected, as needed for a particular 
semiconductor structure, from ax^ of the Group IIZA and VA 

30 elements (IZZ-V seaiconductor ccnqpounds) , mixed IIZ-V 
CQBopounds, Group ZZ(A or B) azid VIA elements (ZI-VI 
semiconductor conciounds) , and mi II-VI coapounds . 
Exaiqples include gallium arsenide (GaAs) , gallium indium 
arsenide (GalnAs) , gallium aluminum arsenide (GaAlAs) , 
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indium phosphide (InP) , cadmium sulfide (CdS) , cadmium 
mercury telluride (CdHgTe) , zinc selenide (ZnSe), zinc 
sulfur selenide (ZnSSe) , and tha lUce. 

Preferably, substrate 22 Is a m£er containing 
5 silicon or germanium, and most preferably is a high 
quality nonocrystalline silicon wafer as used in the 
semicon d uctor industry. Acconraodating buffer layer 24 is 
preferably a sionocrystalline oxide or nitride siaterial 
^itaxially grovn on the underlying substrat-e. in 

10 accordance with one esibodiinent of the invention, amorphous 
intermediate layer 28 is grown on substrate 22 at the 
interface between substrate 22 and the growing 
accommodating buffer layer by the oxidation of substrate . 
22 during the growth of layer 24. The amorphous 

15 intermediate layer serves to relieve strain that might 
otherwise occur in the monocrystalline accommodating 
buffer layer as a result of differences in the lattice 
constants of the s\jbstrate and the buffer layer. As used 
herein, lattice constant refers to the distance between 

20 atoms of a cell measured in the plane of the surface. Zf 
such strain is not relieved by the amorphous intermediate 
layer, the streiin may cause defects in the crystalline 
structure of the accommodating buffer layer. Defects in 
the crystalline structure of the accommodating buffer 

25 layer, in tun, would make lb difficult to achieve a high 
quality czyatalline structure in inonoczystalline metallic 
oxide layer 26. 

Accommodating buffer layer 24 is preferably a 
monocrystalline oxide or nitride material selected for its 

30 crystalline conqpatibility with the underlying substrata 
and with the overlying metallic oxide material. For 
exaa^le, the material could be an oxide or nitride having 
a lattice structure matched to the substrate and to the 
subsequently applied oiatalllc cndde material. Materials 
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that are suitable for the acconsnodating buffer layer 
Include metal oxides such as the aDcaline earth metal 
titanates, alkal ine earth metal zirconatea, alkaline earth 
metal hafnates, aDcaluie earth metal tantalates, alkaline 
5 earth metal zuthcoiates* altcaline earth metal niobatea, 
alkaline earth metal vanadates, perovakita oxidas such as 
alkaline earth mstal tin-based peravskltea, lanthanum 
aluinlnate« lanthanum scandium oxide, and gadolinium oxide. 
Additionally, varloua nitrides such as gallium nitride, 

10 aluminum nitride, and boron nitride may also be used for 
the aecoimiodating buffer layer. Moat of these materials 
are insulators, althougli strontium ruthenate. for exajqple, 
is a conductor. Generally, these materials are metal 
oxides or metal nitrides, and more particularly, these 

IS metal oxide or nitrides typically include at least two 
different metallic elements. In some specific 
applications r the metal oxides or nitride may include 
three or more different metallic elements. 

Amorphous interface layer 28 is preferably an oxide 

20 formed by the oxidation of the surface of substrate 22, 
and more preferably is CQnq;>osed of a silicon oxide. Hie 
thickness of layer 28 is sufficient to relieve strain 
attributed to mismatches between the lattice constants of 
sxibstrate 22 and accaxtniodating buffer layer 24. 

35 Typically, layer 28 has a thickness in the range of 
ap p r o xi mately O.S'-S nm. 

The meteQlic oxide material of layer 26 can be 
selected, as desired for a particular atructiire or 
«V>plieatiooa . Par exaiqple, layer 26 can include a metallic 

30 oxide material having a desired property such as a 
material vhich eadiibits piazoelectric, pyroelectrie, 
ferromagnetic , colossal magneto resistive, or super 
conductive characteristics . Such materials include 
monoclinic, tetragonal, cubic, or perovskite metallic 
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oxide structures vltli the a general chemical fonmila ABO, 
where A is selected from the group consisting of lead, 
lanthanum, niohium, scandium, and combinations thareof, 
and B is selected from the group consisting o£ sirconlura, 
5 titanium, azkd conbinations thereof: 

(Pb,La.Na,Sc) (Zr,Ti)0^, e.g., SbZrTio,, pbHbZrTiO,, 
FbScZxTiO,, PbSrHbZrTiO,, PbLlzxTiO,, PfarriO,i ABO, %«here A is 
selected Crom the gro-u^ consisting of strontium, barium, 
calciuxa, and combinations thereof and B is selected from 

10 the group conslating of zirconium, hafnium, titanium, and 
coniblnations thereof: (Sr,Ba,Ca) (Zr,Hf ,Ti)0,, e.g.* * 
SrTlO,, BaTiO,, BaSrriO,, CaTiO,, BaZrO,; ACoO, where A is 
selected from the gravp consisting of lanthanum, 
strontium. barl\imt sirconium, and conbinatians thereof: 

15 (La,Sr,Ba, Zr)CoO,. e.g., LaSrCoO^, LaZrCoO,; ABMaO, whe^e A- 
is a rcure earth eLeznent <e.g., lanthanum) and B is an 
al]cali earth metal element (e.g^. , calciiom, barium, or 
strontiimi) : {l»a, Sr, Ba,Ca)MiiOj, e.ff., CaSrHnO,, LaCaKnO, ; 
ABa,Cu,0. where A is selected from the group consisting of 

20 yttrium, praseodymium, and combinations thereof and n is 7 
or 8: (Y, Pr)Ba,CUjO,^. e.g.,. yBa,Cu,0, YPrBa,Cu,0; ARuO, 
where A is selected from the group consisting of 
strontitjtm, barium, and combinations thereof: (SrrBa)RuO,; 
FbAO, «Aiere A is selected from the group consisting of 

25 magnesium, niobixim, and combinations thereof : 

Pb(Md,Kb)0,; GdPeO,; TAlp,; LaAlO,; SrVO^; SzCrO,: BaAO, lAere 
A is selected fron the group consisting of lead, bisimith, 
and combinations thereof: Ba(Pb,Bl}0,; I*aCOO,; mbO,; 
NaMO,; Bl«Ti,Ou: SlaO,; and LaAO, ^ere A Is selected from 

30 the group consisting of aluminum, scandium, and 
coinbinatioxis thereof: Z,a(Al, Sc)0,. 

Suitable template materials chemically bond to the 
surface of the acconmodating buffer layer 24 at selected 
sites and provide sites for the nucleatlon of the 
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epitaxial grovrth of th& subsequent: metallic oxide layer 
26. Nhen used, teo^late layer 30 has a thlc)aiess ra&glng 
from aliout ana to about ten monolayers. 

FIG. 2 Illustrates, in cross section, a portion of a 
5 microelectronic etzucture 40 in accordance with a further 
enibodiment o£ the invention. Structure 40 is similar to 
the previously described structure 20, except that an 
additional buffer layer 32 is positioned between 
acconinodating buffer layer 24 and layer of nonoexystalline 

10 metallic oxide material 26. Specifically, febe additional 
buffer layer is positioned between optional teiqplate layer 
30 <or layer 24 if no teiiq;>late layer exists) and the 
overlying layer of moncxystalline metallic oxide material. 
The additional buffer layer, foztned of a monocrystalline 

IS oxide material, serves to provide a lattice condensation 
when the lattice constant of the accomnodating buffer 
layer cannot be adequately matched to the overlying 
metallic oxide material layer. 

FIG. 3 schematically illustrates , in cross section, a 

20 portion o£ a microelectronic structure 34 in accordance 
with another exemplary embodiment of the invention. 
Structure 34 is similar to structure 20, except that 
structure 34 includes an amorphous layer 36, rather than 
aceonniodating buffer layer 24 and amorphous interface 

25 layer 28, and an additional metallic oxide layer 38. 

As explained in greater detail below, amorphous layer 
36 may be formed by first forming an aceonniodating buffer 
layer and an amorphous interface layer in a similar manner 
to that described above. Honoczystalline metallic oxide 

30 layer 38 is then formed (by epitaxial growth) overlying 
the monocrystalline accossDodating buffer layer. The 
accommodating buffer layer is then ea^osed to an anneal 
process to convert the monocrystalline accommodating 
buffer layer to an amorphous layer. Ainorphous layer 36 
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formed In this manner conpriBaa materials from both the 
accosinodating buffer and interface layers « Which amorphous 
layers may or may not amalgamate. Thus, layer 36 may 
coavrisa one or tvo amorphous layers. Formation o£ 
S amorphous layer 36 between substrate 32 and metallic oxide 
layer 3B (subsequent to layer 38 forma bi«i) relievcm 
stresses between layers 22 and 38 and provides a true 
coiqpliant substrate for subsequoit processing — e.g., 
metallic oxide layer 26 formation. 

10 The processes previously described aboyer in 

connection «rlth PIGS. 1 and 2 are adecjaate for growing 
monocrystalline metallic oxide layers over a 
monocrystalXine substrate. However, the process described 
in connection with FIG. 3, which includes transf orxxung a 

15 monocrystalline accomnoda t ing buffer layer to an amorphous 
oxide layer, may be better for growing monocrystalline 
metallic oxide layers because it allows any strain in 
layer 38 to relax prior to forming layer 26. 

' Ktetallic oxide layer 38 may include any of the 

20 materials described throus^iout this application in 
connection with either of metallic oxide layer 26 or 
additional buffer layer 32. For exaaqple, layeae 38 may 
include the perovskite metallic oxides listed above as 
materials suitable for layer 26. 

25 In accordance with one etrbodiment of the present 

invention, layer 38 serves as an anneal c^ during layer 
36 formation and as a teiqplate for subsequent metallic 
oxide layer 26 formation. Accordingly, layer 38 is 
preferably thick enou^ to provide a suitable teonplate for 

30 layer 26 growth (at least one monolayer} and thin enough 
to allow layer 38 to form as a substantially defect free 
monocrystalline metallic oxide (often less than about ten 
monolayers) . 
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In accordanco with anotJier einbodlment of the 
invention, monocrystailline metallic oxide layer 38 
comprises a metallic oxide material (B.g., a material 
discussed above in connection with layer 26) that is thick 
5 enough to use a film for a desired microelcMstinmic device. 
In this case, a microelectronic structure in accordance 
««ith the present invention does not include layer 26. ^Zn 
other words, the microelectronic structure in accordance 
with this snftMdiment only includes one metallic oxide 

10 layer disimsed above amorphous oxide layer 36. 

^e following non-limiting, illustrative exaxqples 
illustrate various cotribinatlons of materials useful In 
structures 20. 40, and 34 in accordance with various 
alternative embodiments of the invention, ibese exaxqples 

IS are merely illustrative, and it is not intended that the 
invention be limited to these illustrative exaiis>l«s- 
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Bxaiqplo 1* 

Xn accordance with one exhbodiment: of tiia lixvencion, 
inoziocryBtalliiie siibscrata 22 is a silicon substrate 
5 Drifted in tha (100) dlrttctiooa. Tbe silicon substrate 
can be, for exanple, a sillcoo substrate as is co Bm o ail y 
used in making coii{)leinentary metal oxide semiconductor 
(C3S0S) integrated circuits having a diameter of about 200- 
300 mm. In accordance with this eioibodiment o£' the 

10 invention, acconmodating buffer layer 24 Is a 

monocrystalline layer of Sr.Ba^TiO, ^ere s ranges from 0 
to 1 and the amorpfaoua intermediate layer is a layer of 
silicon oxide (SiO.) formed at the interface betvesm. the 
silicon substrate and the accommodating buffer layer. TtkB 

15 value of z is selected to obtain one or more lattice 
canstants closely matc^ied to correaponding- lattice 
constants of the subsequently formed layer 26. The 
acconsnodating buffer layer con have a thickness of about 2 
to about 100 nanometers (nm) and preferably has a 

20 thicSaiess of about 10 nm. Xn general, it is desired to 

have an accommodating buffer layer thii=k enough to isolate 
the metallic oxide layer from the substrate to obtain the 
desired properties. Layers thicker than 100 nm usually 
provide little additional benefit .while increasing cost 

25 unnecessarily; however, thicker layers may be fabricated 
if needed. The amozphous intermediate layer of silicon 
oxide can have a thickness of about 0.5-5 nm, and 
preferably a thickness of about 1.5-3.5 nm. 

xn accordance with this eodbodiment of the invention, 

30 metallic oxide material layer 26 is a layer of strontium 
ruthenate (SrRuO,) having a thlckaess of about 5 to about 
500 nm and preferably a thickness of about 10 to about 100 
nm. The thickness generally depends on the as9li<Mt:i<»i 
for idiich the layer is being prepared. 
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Bxanple 2 

Zn accordance vtth another embodiment of the 
S inveablon, a structure is provided that is suitable for 
the growth of an epitaxial film of (Fb,La,Ilb,Sc) (2r.Ti)0, 
film overlying a silicon substrate. The substrate is 
preferably a silicon wafer as described above. A suitable 
accoBinodabing buffer layer material is SrJSa^^TiO^, where x 

10 ranges from 0 to 1, having a thidmess of abou« 2-100 mn 
<md preferably a thiclcness of about 5-15 nm. ibe metallic 
oxide material can be, for exasple FbZrTiO,, having a 
thidoiesa of about 50 nm to about 500 sm. 

deferring again to FIGS. 1-3, substrate 22 is a 

15 monocrysballlne sxibstrate such aa a moaocrystalline 

silicon or gallium arsenide substrate. The crystalline 
structure of the ntanocrystalline substrate is 
characterized by a lattiice constant and by a lattice 
orientation. In similar manner, accomznodating buffer 

20 Layer 24 is also a monocrystalline material and the 

Lattice of that monocrystalline material is characterized 
by a lattice constant and a crystal orientation. VAm 
lattice constants of the accosmodating buffer layer and 
the monocrystalline substrate sust be clos.ely matched or, 

25 alternatively, must be such that upon rotation of one 
crystal orientation with -respect to the other crystal 
orientation, a substantial match in lattice constants is 
achieved. In this cantext the terms ■ stibstantially equea" 
and 'substantially matched" mean that there is sufficient 

30 similarity between the lattice constants to permit the 
growth of a high quality crystalline layer on the 
underlying layer. 

PIO. 4- graphically illustrates the relatio n s h ip of 
the achievable thicteess of a grown crystal layer of high 
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crystalline quality as a function of Uie misinat.ch between 
tlie lattice constants of the host crystal and the grown 
crystal. Curve 42 Illustrates the boundary of high 
crystalline quality material. The area bo the rl^b of 
5 curve 42 represents layers that tend to be 

polycrystalline. With no lattice mismatch, ib la 
theoretically possible to grow an Isfinlbely bhick, high 
quality ^ibaxiel layer on the host crystal. As the 
oisnatch in lattice constants increases, the bhidooess of 

10 achievable, high qualiby crystalline layer decreases 
rapidly. As a reference point, for exanple, if the 
lattice constanbs between the host crystal and the grown 
layer are mismabched by more than about 2%, 
nonocryatalline epitaxial layers in excess of about 20 nm 

15 cannot be achieved. 

In accordance with one embodiment -of bhe invention, 
si^strate 22 is a (100) or (111) oriented monocrystalline 
silicon wafer and accoxnnodating buffer layer 24 is a layer 
of strontium barium titanate. Substantial zoatching of 

20 lattice constants between these two materials is achieved 
by rotating the crystal orientation of the titanate' 
material by 45* with respect to the crystal orientabion of 
the silicon substrate wafer. "Z^e inclusion in the 
structure of amorphous interface layer 28, a silicon oxide 

25 layer in this exaiople, if it is of sufficient thiclaiess, 
serves to reduce strain in the titanate monocrystalline 
layer that might result from any mismatch in the lattice 
constants of the host silicon wafer and the grown tibanabe 
layer. As a result, in accordance with an eiEbodimenb of 

30 the imranbi^, a high cpiali^, bhick, nonocrysballine 
tibanabe layer is achievable. 

Sbill referring to FIGS. 1-3, layer 26 is a layer 
of epibaxially grown metallic oxide naberial and thab 
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crystalline material is Also characterized by a crystal 
lattice constant and a crystal orientation. In accordance 
with one eznbodiment of the invention, the lattice constant 
of layer 26 differs from the lattice constant of substrate 
S 22. To achieve high cxystallioe quality in this 

epitaxially grown xmnocrystalline layer, the accoimaodating' 
buffer layer must be of hig^ crystalline quall^. In 
addition, in order' to achieve high crystalline <piality in 
layer 26, substantial matching between the crystal lattice 

10 constant of the host crystal, in this case, the 

monocrystalline accomnodating buffer layer, and the grown 
crystal is desired, with properly selected materials, 
this substantial matching of lattice constants is achieved 
as a result of rotation of the crystal orientation o£ the 

IS grown crystal with respect to the orientation of the host 
crystal. In some instances, a crystalline buffer layer 
between the host oxide and the grown metallic oxide layer 
can be used to reduce strain in the grown monocrystalline 
metallic oxide layer that might result from szoall . 

20 differences in lattice constants. Better crystalline 

quality in the grown monocrystalline metallic oxide layer 
can ther^jy be achieved. 

The following exaiqple illustrates a process, in 
accordance frith one embodiment of the invention, for 

25 fabricating a microelectronic structure such as the 

structures depicted in FIGS. 1-3. The process starts by 
providing a monocrystalline semiconductor substrate 
comprising silicon or gemanitan. In accordance with a 
preferred embodiment of the invention, the semiconductor 

30 substrate is a silicon wafer having a {100} orientation. 
Ihe substrate is preferably oriented on axis or, at most, 
about 0.5* off axis. At least a portion of the 
semiconductor substrate has a bare surface, although other 
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portions of tbe substrate, as dftseribed below, may 
eacoaqpass other structures. The term "bare' in this 
context means that the surface in the portion of the 
substrate has been cleaned to remove aay oxides. 
5 contaminants, or other foreign material. As is %fell 

Joooim, bare silicon is highly reactive and readily forms a 
native oxide. The term 'bare' is intended to enconsiass 
such a native oxide. A. thin silicon oxide may also be 
iaten^onally grown on the semiconductor substrate, 

10 although such a grown oxide is not essential to the 

process in accordance with the invention. Xn order to 
epitaxially grow a memo crystal line oxide layer overlying 
the monocrystalline aubstrate, the native oxide layer must 
first be removed to eatpose the crystalline structure of 

IS the underlying substrate. The following process is 

preferably carried out by molecular beam epitaaqr (MBE) , 
although other epitaxial processes may also be used in 
accordance with the present invention. The native oxide 
can be removed by first thermally depositing a t h i n layer 

20 of strontium, barium, a combination of strontium and 

barium, or other alkali earth metals or combinations of 
alkali earth metals in an MBB apparatus. Xn the case 
frisere strontium is used, the substrate is then heated to a 
teaqperature of about 750" C to cause the strontium to react 

25 with the native silicon oxide layer. 'Che strontium serves 
to reduce the silicon oxide to leave a silicon oxide- free 
surface. The resultant surface, which e3duLbit:s an ordered 
3x1 structure, includes strontium, oscygen, and silicon. 
The ordered 2x1 structure forms a tenplate for the ordered 

30 growth of an overlying layer of a monocrystalline oxide. 
The toqplate provides the necessary chemical and jdiysieal 
properties to nucleate the crystalline growth of an 
overlying layer. 
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In accordance with an alternate enibodijnent of the 
invention, the native Bilicon oxide can be converted and 
the substrate surface can be prepared for the gro%rth of a 
nonocxystalline oxide layer by depoeitlng an alXali earth 
S metal oxide, such as strontium oxide, strontium barium 
oxide, or barixim oxide, onto the substrate surface by UBB 
at a low temperature and by subsequently heating the 
structure to a tea^perature of ahout TSCC. At this 
temperature, a solid state reaction takes place between 

10 the strontium oxide and the native silicon oxide, causing 
the reduction of the native silicon oxide and leaving an 
ordered 2x1 structure with strontium, oiQ^en, and silicon 
remaining on the substrate surface. Again, this forma a 
tes^Iate for the subsequent growth o£ an ordered 

15 monocrystalline oxide layer. 

Following the removal of the silicon oxide from the 
surface of the substrate, in accordance with one 
embodiment of the invention, the substrate is cooled to a 
teaperature in the range of about 200-600% and a layer of 

20 strontium titanate is grown on the tenvlate layer by 

molecular beam epitaxy. The HBE process is initiated by 
opening shutters la the HBB apparatus to expose strontium, 
titanium and oxygen sources. The ratio of strontium and 
titanium is approximately 1:1. The partial pressure of 

25 oxygen is initially set at a minimum value to grow 

stochiometric strontium titanate at a growth rate of about 
0.3-0.5 nm per minute. After initiating growth of the 
strontium titanate, the partial pressure of oxygen is 
increased above the initial minimum value. The 

30 overpressure of os^en causes the growth of an amorphous 
silicon oxide layer at the interface between the 
underlying substrate and the growing strontium titanate 
layer. The growth of the silicon oxide layer results from 



(29) 



JP 2004-505444 A 2004.2.19 



wo 02/09159 PCrAJS0iyU«79 



17 

the diffusion of oxygBix through the growing stronti\aa 
titanate layez to the interface where the os^geai reacts 
with silicon at the surface o£ the underlying substrate. - 
The strontium titanate grows as an ordered oionocrystal 
5 with the crystalline orientation rotated- by 45* with 

respect to the ordered 2x1 crystalline structure of the 
underlying substrate. Strain that othsrwiso might exist 
In the strontitiffl titanate layer because of the small 
misnatch in lattice constant betweea the silicon substrate 

10 and the growing crystal Is relieved in the amorphous 
silicon Oixlde intemedlate layer. 

After the strontium titanate layer has been grown to 
t hft desired thlckoess, the monocrystalline strontium 
titanate may be capped by a tenqilate layer that is 

15 conducive to the subsequent growth of an epitaxial layer 
of a desired metallic oxide material. For exai^ple, the 
HBB growth of tbe strontium titanate monocrystalline li^er 
can be caqpped by terminating the growth with 1-2 
monolayers of titanium, 1-2 monolayers of titanium-oxygen 

20 or *rith, 1-2 monolayers of strontium-oxygen. Following the 
formation of the taic)late (if one is formed) , the metallic 
oxide macerial Is grown using HBB or other suitable 
techniques . 

The structure illustrated in FIG. 2 can be formed by 
25 the process discussed above with the addition of an 

additional buffer layer depositloa step. Ttie buffer layer 
la formed overlying the tes^late or accommodating buffer 
layer before the deposition of the maaocrystalline 
metallic oxide layer. If the buffer layer Is an oxide 
30 superlattlce. such a superlattica can be deposited, by KBB 
for exanqple, on the teiqplate described above. 

Structure 34. Illustrated In FIQ. 3, may be fozned by 
growing an acconinodatlng buffer layer, forming an 
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amorphous oxide layer over substrate 22, and growing 
metallic oxide layer 36 over the accoanoodating bu££er 
layer, as described above. The acconsnodating buffer layer 
and the amorphous oxide layer are then exposed to an 
5 anneal process sufficient to change the crystalline 
structure of the aeecxmiodating buffer layer from 
monocrystalline to aiaoxphoua, therdby forming an aniorphous 
lav«r such that the combination of the amorphous oxide 
layer and the now amorphous aecoxsoodating buffer layer 
10 form a single amorphous oxide layer 36. Layor 26 is than 
subsequently grown over layer 38. Alternatively, the 
anneal process may be carried out'- subsequent to growth of 
layer 26. 

In accordance with one aspect of t2iis embodiment, 

15 layer 36 is formed by exposing substrate 22, the 

acc omm odating buffer layer, the amorphoiis oxide layer* and 
layer 38 to a rapid thezmal eumeal process with a peak 
ten^rature of about 700*C to about 1000 and a process 
time of about 10 seconds to about 10 minutes. However, 

20 other suitable axmeal processes may be en^loyed to convert 
the accommodating buffer layer to an amorphous layer in 
accordance with the present invention. For example, laser 
annealing or "conventional* thermal annealing processes 
(in the proper environment) may be used to form lay<u: 36. 

25 When conventional thermal anaealing is employed to foon 
layer 36, an o v erpressure of one or more constituents of 
layer 30 may be required to prevent degradation of Ic^r 
38 du ring the anneal process. 

As noted above, layer 38 of structure 34 may Include 

30 any materials suitable for either of layers 32 or 26. 

Accordingly, any deposition or growth methods described in 
connection with either layer 32 or 26 may be en^loyed to 
deposit layer 38. 
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The process described above illustxotes a process for 
forming a Bemiconductor structure including a silicon 
substrata, an oFver lying oxide layer, and a nonocxyBtallise 
metallic oxide layer by the process of xnolecular beam 
5 «plta3V. The process can also be carried out fay the 

process of rhwni eal vapor deposition {CVD} , metal organic 
chemical vapor deposition (MOCVD) , migration enhanced 
epitaxy (UBB) , atonic layer epitaxy <ALE) , physical vaqpor 
deposition (FVS) , chemical solution deposition (CSD) , 

10 pulsed laser detposition (FLD) , or the lilce. Further, by a 
similar process, other monocryatalline accommodating 
buffer layers such as alkaline earth metal tltanates, 
zirconates, ha f nates, tantalates, vanadates, ruthenetes,' 
and niobates, perosJdte oxides such as alkaline earth 

15 metal tin-based perovs)cites, lanthanus) alumina te, 

lanthanum scandium oxide, and gadoli^^^ oxide can also be 
grown. Further, by a similar process such as MBE, other 
metallic oxide layers can be deposited overlying the 
jnonocrystalline oxide acconmodating buffer layer. For 

20 example, the metallic oxide may be grown via FXJ}, by 

ablating a target of the desired material with an eximer 
laser and heating the siibstrate to a ten^erature of about 
300 oc to about 500 °C 

Each of the variatioras of metallic oxide materials 

25 and onnocrystalline oxide accomnodating buffer layer may 
use on e^ipropriate template for initiating tha growth of 
the respective layer. In such a case, suitable template 
materials may be groim according to the methods described 
above in connection with growing layer 26. 

30 m the foregoing specification, the invention has 

been described *rith reference to specific enbodimenta . 
However, one of ordinary skill in the curt appreciates that 
various modifications and changes can be made without 
departing from tha scope of the present invetntion as set . 
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forth in the claims below. Accordingly, tha qpacification 
and figures are M be regarded ia an illustratiive rather 
than a restrictive sense, and all such modifications aire 
intended to be included within the scope of present 
5 invention . 

Benefits, other advantages, and solutions to problems 
have been described above with regard to specific 
eobodisients . However, the benefits, advantages, solutions 
to probleois, and any eleoient(s) that nay cause any 

10 benefit, advantage, or solution to occur or become more 
pronounced are not to be construed as a critical, 
required, or essential features or elements of any or all 
the claims. As used herein, the terms 'comprises." 
■cossxrisizig, " or any other variation thereof, are intended 

15 to cover a non-exclusive inclusion, such that a process, 
method, article, or apparatus that conprises a list of 
elements does not include only those elements but may 
include other elements not expressly listed or inherent to 
such process, method, article, or apparatus. 

20 
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CZAIMS 

We claim: 

1. A perovBklte oxide structure comprising: 

5 

a Bonocrystalline aeoicaaiduc^or substrate; 

an anoTpbous layer overlying the ponocryatalline 
Beniconduetor substrate; 

10 

a nonocrystalline layer comprising Bv^a^^TiO, where x 
ranges Crom 0 to 1 overlying the amorphous layer; and 

a monocrystalline perovskite oxide layer overlying 
15 the monocrys tail line layer. 

2. The perovekite oxide structure of claim 1 wherein the 
mosoczystalline semiconductor substrate cooprises silicon. 

20 3 . The perovskite oxide structure of claim 2 %rt>ereln the 
amorphous layer coo^rises silicon oxide. 

4. The perovekite oxide structure of claim 3 «dierein the 
amorphous oxide layer has a thickness sufficient to 

25 relieve strain in the monocrystalline layer. 

5. The perovekite oxide structure of claim 1 wherein the 

monocrystalline perovekite oxide layer comprises a 
material having a property selected frocD the group 
30 consisting of piezoelectricity « ferroelectricity, 
pyroelectrlcity, ferromagnetism, colossal magneto 
resistivity, and superconductivity. 
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6. The perovskite oxide atructuxe of claim 1 wherein the 
monocxystalllne layer is characterired by a Clrst lattice 
ctmstant deteimined. In part, by the 'value at x and 
Wherein tJie perovskite oocide layer is characterized by a 

5 second lattice constant and wherein the value of x is 

varied to substantial ly match, the first and second lattice 
constants . 

7. The perovskite oxide structure of claim 1 wherein the 
10 mon oerystalline perovskite oxide layer has a composition 

ABO, where A is selected from the group consisting of lead, 
l ynt'hamiq ^ , niobiuffl, scandixuD, and pQwiri t i oni? thereof, 
and B is selected from the groi^ consisting of 2irc«iixxm, 
titanium, and combinations thereof. 

15 

8. The perovskite oxide structure of clalra 1 wherein the 
monoerystalline perovskite oxide layer has a composition 
ABO, ^ere A is selected from the group consisting of 
strontium, barium, calcium, and combinations thereof and B 

20 is selected from the group consisting of zirconium, 
hafnium, titanium, and combinations thereof. 

9. The perovskite oxide structure of claim 1 wherein the 
raanocryBtalline perovskite oxide layer has a coaposltlon 

2S ACoOi, idiera A is selected from the group consisting of 

lanthanum, strontium, barium, zirconium, and combinationfl 
thereof . 

10.. The perovskite oxide structure of claim 1 

30 wherein the monoerystalline perovskite oxide layer has a 

composition ABMnC, where A is a rare earth element and B is 
an alkali earth metal element. 



(35) 



JP 2004-505444 A 2004.2.19 



WO02A91S9 PCTAJSO 1/22*79 



23 

11. ThA perovsfcito ootid© structure of claim 10 
wherein tlie rare ear^ element comprises lanthanum and the 
allcali eart±i metal element is selected from the group 
consisting of calcium, strontium, and barium. 

• 5 

12. The perovsklte oxide structure of claim l 
vihereln t:he monocrystalline perGV8kit:e oxide layer has a 
conqposiblon ABa,Cu,0. where A Is selected from the group 
cossistlng of yttrium, praseodymium, and cnmhi nations 

10 thereof and a is 7 or a. 

13 . The pexovsklte oxide structuire of claim 1 
wherein the monocrystalline perovslcite oxide layer has* a 
coooposition ARuO, tdiexe A is selected from the group 

15 consisting of atrontixim, barium, and combinations thereof. 

14. The perovslcite oxide structinre of claim 1 
wherein the monocrystalline perovslcite oxide layer has a 
coQ^sitidn PbAO, where A is selected from the group 

20 consisting of magnesium, niobium, and cocetbinations 
thereof . 

15. The perovskite oxide structure of claim 1 
therein the monocrystalline perovs)clte oxide layer has a 

25 composition BaAp, where A is selected from the group 
consisting of lead, bisKUth, and combinations thereof. 

16. The perovslcite oxide structure of claim 1 
wherein the monocrystalline perovskite o xid e layer has a 

30 composition IjaAO, where A is selected from the group 
consisting of aluminum, scandium, and condainations 
thereof. 
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17. 



The perovskite oxide structure of claim 1 



n^ereln the moiaoczystalline perovekite oxide layer has a 
compositioa selected from the group consisting of GdFeO,, 
YAIO,, ULAlO,, SrCrO,, StVO,, LaCoO,, KNbO,. Hat90j, Bi.Ti,0„. 

5 YKnO,, and LaScO,. 



a first perovBkite lay«r ^itaxially grown on the 
semiconductor substrate; 

a strain relief oxide layer formed on tlie 
15 semiconductor substrate xmderlylng tbe first p«rov8kite 
layer; and 

a second perovskite layer having a different 
composition than the first perovskite layer epitaxially 
20 grown on the first parovskite layer. 

19. The perovsJcite oxide structure of claim IS 
wherein the monocrystalline semiconductor substrate 
coa^rises a Group IV element. 

25 

20. The perovskite oxide structure of claim 19 
vrtierein the monocrystalline semiconductor substrate 
cos^rises silicon. 



la. 



A perovskite oadde structure comprising: 



a roonocrystalllnA semiconductor substrate i 



10 



30 21. The perovslcite oxide structure of claim 20 

nAierein the strain relief oxide ooaprises silicon oxide. 
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22. Tlie perovskike oxide structure of claim 18 

v^reln thB second perovskite layer is sutostancially 
, lattice matched to the first perovslcite layer. 

S 23. The perovslcite oxide structure of claim 18 

wherein the second perovskite layer comprises a material - 
havix^ a property selected from the grov^ consisting of 
piezoelectricity^ ferroelectricity, pyroelectricity, 
ferronagnetism, colossal magneto resistivity, and 
10 superc«iductivity. 

24. The perovskite oxide structure of claim IS 
«4iArein the first perovskite layer ooixprises Sr^a,^TiO, 
where x ranges from 0 to 1. 

15 

25. A perovskite oxide structure comprising: 
a monocrystalline silicon substrate; 

20 a silicon oxide overlying the substrate; 

a layer of Br.^SL^^TiO^ where x ranges from 0 to 1 
^itaxially grown overlying the substrate; and 

25 a perovskite oxide layer epitaxial ly grown overlying 

and substantially lattice matched to the layer of Sr,Bai. 
«TiO,. 

26. A process for fabricating a perovskite oxide 
30 structure comprising the steps of: 

providing a monocrystalline silicon stxbstrate; 
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fornLisg a first ten^late layer averlyiiig the 
substrate; 

growing a first layer of monocrystal line CKide 
5 overlying the first ten^late layer; 

growing a first amorphous layer of silicon oxide on 
the substrate during the step of growing a first layer; 

10 forming a second teiqplate layer overlying the first 

layer; and 

growing a second layer of raonocrystalline perovsklte 
oxide overlying the second template layer. 

15 

27. The process of claim 26 wherein the step of 

forming a first template layer comprises the steps of: 

depositing a layer of strontium overlying the 
20 substrate; and 

heating the substrate to react the strontium. 

20. The process of claim 26 %diereln the step of 

25 forming a first tenqplate layer con^rises the step of 

forming a layer cooqprising silicon* strontium, and oocygen. 

29. Ibe process of claim 26 wherein the step of 

fozrcing a first template layer comprises the steps of: 



depositing a layer of strontium oxlds overlying the 
substrate ; and 



heating the substrate to react the strontium oxide. 
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30. Tbe process o£ claim 26 trtierein the step of 
gro«ring a f ir^t layer of nonocrystalllne oxide oomprlsea 
tlie step of growing a layer of monoczystalline SrJBa^. 

5 nTiOj where x ranges from 0 to 1. 

31. The process of claim 30 nrherein the step of 
growing a first layer of monocrystalline oxide comprises 
growing a first layer of nonocrystalline oxide by a 

10 process selected from the group consisting of molecular 
beam epitaxy, chemical vapor deposition, metal organic 
chemical vapor deposition, migration enhanced epitaxy, 
atomic layer epitaxy, physical vapor deposition, chemical 
solution deposition, and pulsed laser deposltlcMa. 

15 

32. The process of claim 30 tribereln the step of 
formiz^ a s e cond template layer comprises the st^ of 
forming l - 10 monolayers of a material selected to 
nucleate the monocxystalllne growth of the second layer. 

20 

33. The process of claim 3D wherein the step of 
growing a second layer comprises the step of growing a 
monocryetalline perovsklte oodde substantially lattice 
matched to the Sr,Ba,.,TlO, . 

25 

34. The process of claim 30 vA:erein the step of 
growing a second layer comprises growing a monocrystalllne 
perovskite oxide by a process selected from the group 
consisting of molecular beam epitaxy, chemical vapor 

30 deposition, metal organic chemical vapor deposition, . 

migration enhanced epitaxy, atomic layer epitaxy, physical 
v^or deposition, chemical solutlOT deposition, and pulsed 
laser deposition. 
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35. The process of claim 26 wherein the step of 

growiag a second layer cooqpriees the steps o£: 

placing the substrate in a pulsed laser deposition 
5 systems- 
providing a perovskice ooaoe target In the pulsed 
laser deposition system; 

0 heating the substrate to a temperature bet%#een about 

30<^ C and about SOO^ C; and 

ablating the target using a laser. 

S 36. The process of claim 35 wherein the process o£ 

ablating the target coinp rises the step of ablating the 
target with an eximer laser. 

37. A process for fabricating a perovskite oxide 

0 structure comprising the steps of: 

providing a monocrystalllne substrate; 

growijig a first layer of monocrystalllne oxide 
5 overlying tbe substrate; 

growing a strain release layer underlying the first 
layer ; and 

0 growing a manocrystaHine perovslcite oxide layer 

overlying the first layer. 
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3S. Th.e process of claim 37 wherein the step of 

growing a f irsb layer comprises the step of growing a 
layer conqprialng SrjBa^_TiO, where x ranges Cron 0 to 1. 

5 39. The process of claim 37 wherein the step of 

growing a monocrystalline perovskite oxide layer cooprises 
the step of growing a perovskite oxide layer sxibstantially 
lattice matched to the first layer. 

10 40. The process of claim 37 wherein the step of 

growing a oonocryBtal l ine perovskite oxide layer conprises 
the step of growing a perovskite oxide layer by a process 
selected frooi the group consisting of molecular beam 
epltas^, chemical vapor deposition, metal organic chemical 

15 vapor deposition, migration enhanced epitaxy, atomic layer 
epitaxy, physical vapor deposition, chemical solution 
deposition, and pulsed laser deposition. 

41. A process for fabricating a perovskite oocide 
20 structure conprising the steps of: 

growing a first layer comprising Sr^a^^TiO, where x 
ranges from 0 to i; and 

25 growing a second layer of monocrystalline perovskite 

^ide overlying the first layer. 

42. The process of claim 41 irtierain the step of 
growing a second layer conprises growing a second layer 

30 substantially lattice matched to the first layer. 



(42) 



JP 2004-505444 A 2004.2.19 



20 



PCTA]S0IA2£7» 



m 



-26 

-24 
-28 



-22 



40 



-26 



-32 
-30 
-24 
-28 



-22 



34 



-26 



-38 
-30 
-36 



-22 



(43) 



JP 2004-505444 A 2004.2.19 



PCT/US0iyi2«T9 



Z 



42 



LATTICE MISMATCH 



(44) 



JP 2004-505444 A 2004.2.19 



(ll> OtraUMTIONAl. APIUCaTION POBLISHSD UKDCR the nOBST COOTEBATKW TREATY (PCT> 



(iq WwM iBtdltctital Prapcrty Oivulxatteo 
iIBsten 



(43) InternatlBo*! PublkaOon Dau 
31 jRBury 2002 pi.01.2002) 



PCT 



(10) 



WO 02/09159 A3 



2SnS. 23X0. UOIL 4U22. 39IU, Jim, 2U316. HOIP 
41/14 



(Zl) iBtBraatfofMlAppBcstiM Nombcr: PCmrS0iy22679 
(22) iBttRMtkmalFOlDsItete: 19 foiy 3001 (19j07^1) 



C30B 2901. ftl) fioltiuted Stata (oaktaaDr. A£, Aa AU AM, AT. Ml, 
A2.BA.BB.BaBR,BY,B2,CA.CH.O*,CaCa.CU, 
CZ. OS. OX. DM. DZ. EC EE. ES. H. CB, CD. CB. CH. 
CM. HR, UU. ED. IL, IN. CS. JP, K& SC. KP. KR, KZ. tx:. 
LK. LR. LS. IX LU. LV. MA. MD. Ma MK. MN. MW. 
MX, MZ. NO. NZ, H_ FT. RO. RU, SD. SE. SC. SL SK. 
SL.TI,TM,-ra.TXT^UA. OaU2.VN, YU.ZX.ZW. 



2* Jul) 2000 04.07.2000) US 



MOTOROLA, INC {USVn 1303 East Ai. 
.n. 60196 OJS). 



(M) DcslpuWI SMci Ottlmm^ ARITO p«ea 03H. GM. 
EE. LS. VC9t, MZ.Sasi.SZ.TZ.UG. ZW), Bsisn 
ptot CAM. AZ.BX KG. XZ.MD.ru. TJ.TVaEuicpewi 
ptfsd (AX BS. CU, CY. DE. OK. es. Ft. FR. Ca. GK. IE. 
IT. LU, MC NL.Pr.SE. 7RX OAH pnem (BF. BJ, CP. 
CC. a. CM. CA. GN. GQ, GW. ML. MR. NE. SN, TD. 
TCi. 



(72) bmton: ErSEVBOSEH, KarC 9442 Sovtti Beet 
I A«eaae. Tmyc AZ S3284 (US). FINDCB. ldft«3S M.: 
I 1431 west CanafyM»^.Qt*»(Ser.AZaS248 (US). KAM- 
I DAraJ»int823 Wat[X:vonDriw.Qi]ben. AZU333 
; (US). DROOPAD. RsvbKirmaatli; weB lysoo 

; Sum. Qmdler, AZ S3226 (US). OOMS, Wniaa. Jaj: ^ 
I 7200 Watt Dai«iW»hR<Md.PRscQit.AZ 86305 (U5)^ 

i (TO AfeM: WUAMETT, JENNIFER a^Motorala, Inc., Er- fir two tttlsreodam 
- — - ZIU36««.3ia2Nb(a oMcMoMSOTr 

(. AZSS0I8 (US). Nft« 4^«adh n 




25 April 2002 



I (54) Tid*: THIN-HLM METALLIC OXIDE STRUCTURE AND PROCESS FOR RUBRICATING SAME 



< 



'25 
28 



'22 



^ [ST) Abstraec lUgft qoaUty ephuitl Ityen of oxide maioiah csi be ptarn omtyisj Ui^B silicoA wa&n (22) )^ 6r« ; 
^ iftf so aoeansnodidat Inifcr layer (34) oa a tUioon wafcn. Tbe imrfwnia o itgit bniitar layer it a layer sf awnoayi a Utpe 
2 qM««)«prtftoindKMUcoawafer^ana n ifl t plio u »iiMefftctlaypp8)ofiniaMQi^^ 

ttmn and pf nnH i the growth of a kjgli ^oaUlj iMnocryiialline ocddc amanpaxlailin taull^ layer. Any laitioB tw i iBmch be 
(he acconnwdiijns tafTer taycrand Ihe andulyiiis iHirBH wtoaaie la oftcB ore of bjf ibe anvphoas basftcc lijn Tha < 
> mstend* my he ptrT o el fl TwIr , fenraelesrte, pyfodecnie^ f 
■ type. 



(45) 



B ERNATIONAL SEARCH REPORT 



01/Z2679 



lPC*r'*C3m29?22*"'"c30bs/18 C30B2V02 H01L41/22 H01L39/24 
H01L37/02 K01L21/316 K01F41/14 



IPC 7 C30B TOIL C23C 



INSPEC, CQNPENDEX. EPO-Internal . UPI Data. PAJ 



PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 251 (E-771>, 
12 June 1989 ( 1989-06-12) 
& JP 01 050575 A (NEC CORP). 
27 February 1989 (1989-02-27) 



abstract 

-& JP 01 050575 A (NEC CORP) 
27 February 1989 (1989-02-27 > 
page 4; figure 2 



1-5.12, 
18-21. 
23-25, 
37.40.41 

6-11,13. 

15-17. 

22.39.42 



-/- 





18 February 2002 



22/02/2Q02 



wu-iaww niw un 



K5pf, C 



page 1 of 3 



dP 2004-505444 A 2004.2.19 



0 IRNAHONAL SEARCH REPORT 



PCTAJS 01/22679 







CM«to»<H;nwiW.»1W»lil«.iiM ■ iWilpii<iLrf»>*ii*Hiligl 


RcMMtoamHo. 




us 5 650 646 A (SUHNERFELT SCOTT R) 


41 




22 July 1997 (1997-07-22) 


7,17 


r 


A 




1-3.5. 






18-21, 






23,24, 






26.30. 






31.37. 






38.40 










WO 98 Q58Q7 A (LOCKHEED MARTIN ENERGY 


41 




RESEARCH CORP) 






12 February 1998 (1998-02-12) 


7 ,8, 16 . 


Y 






17 






1.2.5,6. 






18-20. 






23.24. 






26,27. 






29-34, 






37,38,40 




pAQfi 6, lifts 11 — psoe 24, lind 4 






pAQ8 2Bf lino 4 —paQB 29, line 14 






figure 2 








6-^,13, 






17,22, ' 




17 February 1994 (1994-02-17) 


39.42 


A 


1.2,5. 






18-20, 






23.37, 






40.41 




page 2. line 31 -page 9. line 40 






page 12; figure 1 




Y 


ZHANG U ET AL: "Enhanced 


10,11 




oagnetoresl Stance tn La-Ca-Mn-0 fdns on 






SI substrates using YBaCu0/Cea2 






heterostructures " 






PHYSICA C. 






vol. 282-287. no. 2003. 






1 August 1997 (1997-08-01), pages 






1231-1232. XPQ041203B0 






ISSN: 0921-4S34 




A 




1.2,5, 






18-20. 






22.23, 






37,39,40 




the Mtiole document 






-/— 





page 2 of 3 



(47) JP 2004-505444 A 2004,2.19 



ir ^RNATIONAL SEARCH REPORT 1^ 



PCTAJS 01/22679 



BTOBSRBXKMir 



INADA S ET AL: "Epitaxial growth of 
ferroelectric VKn03 th1n flttis on Sl(lll) 
substrates by iioleculur beam epitaxy* 
JAPANESE JOURNAL OF APPLIED PHYSICS. PART 
1 (RESULAR PAPERS. SHORT NOTES ft REHEV 
PAPERS). 

vol. 37. no. 12A. Deceaiier 1998 (1998-12). 
pages 6497-6501. XPaOQ9273I8 
ISSN: 0021-4922 



the whole docunient 

US 5 6S6 382 A (NASHINOTO KEIICHI) 
12 August 1997 (1997-08-12) 



colum 4. line 56 -colunn 8. line 25; 
example 4 



1-3,5, 
18-21. 
23,25, 
37,40 



1,2.5, 
18-20, 
23,37,40 



page 3 of 3 



(48) 



JP 2004-505444 A 2004.2.19 



a IRNAT10NAL SEARCH REPORT 



PCT/US 01/22679 



27-02-1989 HOHZ 



lie CliMMK 




22^7~1997 


US 


5393352 A 


28H)2-1995 








US 


5912486 A 


15-06-1999 








DE 


6932S6I4 01 


19-08-1999 








OE 


6932S614 T2 


13-01-2000 








EP 




03-11-1993 








JP 




12-08-1994 








US 




03-11-1998 








AU 


3903497 A 


25-02-1998 








EP 


Q9S0132 Al 


20-10-1999 








JP 


200Q517280 T 


2fr- 12-2000 








UO 


9805807 Al 


12-02-1998 








US 


6023882 A 


08-02-2000 








us 


6093242 A 


25-07-2000 


UO 9403908 


A 


17-02-1994 


us 


5155658 A 


13-10-1992 








us 


5270298 A 


14-12-1993 








CA 


2131100 Al 


06-09-1993 








EP 


0632925 Al 


11-01-1995 








JP 


7504784 T 


25-05-1995 








WO 


9318531 Al 


16-09-1993 








VR) 


940390S Al 


17-02-1994 








CA 


2141566 Al 


17-02-1994 








EP 


Q654169 Al 


24-05-1995 








JP 


2819067 B2 


30-10-1998 








JP 


7509689 T 


26-10-1995 


US S656382 


A 


12-08-1997 


JP 


3186381 82 


U-07-2001 








JP 


7133198 A 


23-05-1995 








JP 


3199091 82 


13-08-2001 








JP 


7133199 A 


23-05-1995 








JP 


7130232 A 


19-05-1995 








US 


5650362 A 


22-07-1997 



(49) 



JP 2004-505444 A 2004.2.19 



(81) Ib^S AP (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW) , EA (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM) , EP (AT, BE, 

CH, CY, DE. DK, ES, FI, FR, GB, GR, IE, IT, LU, MC. NL, PT, SE, TR) , 0A(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD. 
TG) . AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ. OA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN. IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD. MG, MK. MN. MW, MX, MZ, NO, NZ. PL, PT, RO, R 
U, SD, SE, SG, SI, SK. SL. TJ. TM, TR. TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW 

T:^'^)i3^^m 8 5 2 4 8 r^)V^i^ h ti^})- ^ =>^-< 142 

1 

m%m% yJ>.^-=^. ^y^^-;v 

r:^^)ti^^m 8 5 2 3 3 T y >^-^'>H :^/W^-K !j7ai>^ h Y'y^':f 8 22 

(72)^ig# hv^wN->y ^ K^-t-;^ 

T:^^)^^^m 8 5 2 2 6 T y iZ-^fli '^■rv'K^— ;^hy — h 4 

5 15 

(72)5iK# e^^yri. ^yz^^i 

rp«y:*-g^*S 8 6 3 0 5 TDy^i-W y'U:^=i^yh ^=^^h f^i^^" ^^yZ/::^. n 
— K 7 2 0 0 
F^ — iK(##) 5F052 EAll KA02 

5F058 BA20 BD02 BD04 BD05 BF02 BFll BJOl 



